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In p+A or d+A, medium 1s small,
(1 nucleon wide) or non-existent.
This 1s baseline for any cold
nuclear matter effect in initial
collision

Hard scattering of partons
in the 1nitial collision is in-
situ internal probe of
medium. Do quarks and
gluons lose energy in the

medium? If so exactly how? * RHICis versatile
v/ Can collide any nuclear species on any other
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n0 invariant cross section in p-p at Vs=200 GeV is a
pure power law for pp > 3 GeV/c, n=8.1+0.1
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n° are suppressed in Au+Au eg 200 GeV
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Exponential enhancement of direct-y as p—0 1s unique. No other particle is enhanced

except in the region of the ‘baryon anomaly’. This suggests new physics, i.e. thermal-y.
For p>4 GeV/c direct-y (color neutral) are not suppressed; all hadrons are suppressed,
indicating that suppression is a medium-effect on outgoing color-charged partons.
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See the classic paper of Fritzsch and Minkowski, PLB 69 (1977) 316-320

isolated | g is 8/1

q Ve —
;T;N photons | u/d quark
Compton in p-
P-p
q /

q Y Ye
Annihilation E:

small-ignore g g VY4

Analytical formula for y-jet cross section for a photon at py, y. (@nd parton (jet) at p+, yy):

d’o waas @Q?) (1+ cosB* 2
T = nafpe) Funle, @) T (T 2
dpy dy. dyg 2 1 4 cos6
71'(1{(1{3(@2) 1 — cos 0* 2
+ Foa(z1, Q%) of : ( - )
2A(:C1 Q ):C?.fg (:UQ) 342 9 1 — cos B*
00 = tanh L ; ya) T12 =TT e —g e J,(x) and F,(x) are g and q pdf’s in nuclei A,B

Offi
Voo, Sice ot BROOKHAVEN PANIC11-MIT PI—P"{NI X M.J. Tannenbaum 5/23/24

LABORATORY



Offi
(DY st BROOKHIAEN PANIC11-MIT P \)HENI X M.J. Tannenbaum 6/23/24

NATIONAL LABORATORY
U.S. DEPARTMENT OF ENERGY



X-N. Wang and Z. Huang PRC 55, 3047 (1997)

Trigger on direct-y with EY., measure

away jet fragment p distribution M/ JET
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Borghini & Wiedemann, hep-ph/0506218 Why use the Hump-backed distribution?

Is E=In(1/z) better than z?

dn®
?(g;r) . . . .
*Evolution is predictable in
qf 7 OPAL V5=192-209 GeV MLLA QCD and is signature for
— in vacuum, E;,;=100 GeV
19 | -~ in medium, Ejo=100 GeV : coherence for small values of
r s et . '
" % TASSO \/§:14 GeV . Y 7z<0.1 (Large values of §>23)
10 - . ’ . .
--- in vacuum, Ej=7 GeV [Dokshitzer, et al, RMP60,
8 | —-—in medium, E,=7 Ge\'/‘,a' | 373(1988)]

* Emphasizes the increase in
emission of fragments at small z
g . due to the medium induced

...... | | —_—— l) depletion of the number of

o * fragments at large z.

[\ I =)

Borghini and Wiedemann thought that reconstruction of jets would be required to
measure this distribution. However, it was shown at LEP that if the energy of the jet
were known, e.g. for dijet events at a precisely known Vs in e*e" collisions, then both
z and E=In(1/z) distributions could be obtained without jet reconstruction.
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L3, PLB 259 (1991)199- PHYSICS LETTERS B 18 April 1991

208
40U 4'5
200k a) TCO L DATA 4F ®  1L3(91GeV) no
s — MC (JETSET 7.2) W O JADE(35 GeV)
L AT ooty | ] S S INJIE = = dNJdz
o —g 3F = ocpoLa g
g g‘ 25 EF A= 115 MeV % , _+_
2 o ‘.-" '-"4':‘
15F ; B
Wl — \| [INJdE = 2p dN/dug
E o
05 —_—
0o o004 006 00 o &0 ] 7 S 5 6
Xp ; {;p
800F  b) charged = DATA B L3016y charged
< particles — MC (JETSET 7.2) o OF o mssossaw particles
g soof - MC (HERWIG 4.2) i
o ~
= ¥ L=
= Q: 4
I
2
1 -
! 1 | R 0 T IR 1 i PR G M n bl
0 0.02 0.04 0.06 0.08 0.1 0 1 2 3 4 5 6
X, g,
' Sfyca oF BROOKHEVEN Ny Y
O 4 Science PANIC11-MIT PH:<ENIX M.J. Tannenbaum 9/23/24

U.S. DEPARTMENT OF ENERGY



L3, PLB 259 (1991)199- PHYSICS LETTERS B 18 April 1991
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The key to this measurement is that the jet energy be precisely known.

This 1s true for the jet opposite to the direct-y. Thus we can do this from
y-ri¥ or y-h away side correlations in p-p and Au+Au (convert Xg=z plot
to €) with semi-log ordinate to make the whole fragmentation fn. visible
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T fragmentation function
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Away side correlation in Au+Au is generally wider than p-p with complicated structure.
This structure found (2011) to be due to not correcting for v,. To avoid this use high p,.

Define Head region (HR) and Shoulder regions (SR) for wide away side correlation.
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1000.00

— PHENIX 7/6 w0-h pp p-n='?—$|3 GeV/c

[ PHENIX 71/6 70—h AuAu0020 pn=7—-9 GeV/c
Solid:2—component; Dashed:1-component

N % N, x*/dof

® 0.94+0.03 0.86+0.03 2.7/3

®1.0+0.3 0.47+0.07 7.4/3

The away side pr,/pr = Xg PHENIX
distribution triggered by a nV-h correlations
leading particle with p,, was PRL104(2010)252301
thought to be equal to the
fragmentation function but
we found that it is NOT
sensitive to the shape of the
fragmentation function but
only to the shape of the

100.00

10.00

1.00

dP/dxg

0.10 = = | inclusive pp, spectrum with
= = | power n (=8.1). Formula

o || derived in PRD 74 (2006)

E = | 072002 works for pp and AA 5
. -

Y] SNSRI EFIP N E——

Measured ratio of particle pp,/pr,=Xg=> Ratio of jet transverse momenta |p,_ /p,, = X,

Tp = 0.47+0.07 in Au+Au indicates that away jet has lost energy relative to trigger jet
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— PHENIX 7/6 w0-h pp p-n='?—$|3 GeV/c

[ PHENIX 71/6 70—h AuAu0020 pn=7—-9 GeV/c
Solid:2—component; Dashed:1-component

N % N, x*/dof

® 0.94+0.03 0.86+0.03 2.7/3

®1.0+0.3 0.47+0.07 7.4/3

The away side pr,/pr = Xg PHENIX
distribution triggered by a nV-h correlations
leading particle with p,, was PRL104(2010)252301
thought to be equal to the
fragmentation function but
we found that it is NOT
sensitive to the shape of the
fragmentation function but
only to the shape of the
inclusive pq, spectrum with
power n (=8.1). Formula
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Measured ratio of particle pr,/pr,=Xg=> Ratio of jet transverse momenta |p, /p,, =X,

Tp = 0.47+0.07 in Au+Au indicates that away jet has lost energy relative to trigger jet
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IR =
"e 0-20% Rurhu ’- § o away(e-dl<a) n%-h correlations
1= - == head (IA¢ - nl < n/6) .
LN I f T . ; : PRL104(2010)252301
+ + + T Ef *_ lllll b n.b for p=7 GeV/c no
LA - ..-.- - difference between
79 Gevlc 1 9-12 GeV/e j whole away side and
J’ — ;2;33\;;3:6"’8‘12‘5;“ i. b ' head because
1r i =ri=r ACHNS,K=41-06 ' E background under peaks
i # * i T t # ] is greatly reduced, with
—1 S —— no shoulder, since effect
o'k B -__ | of v3 modulation is
1 2 3 4 5 6 70 1.2 3 4 5 6 7 negligible

partner p_ (GeV/c)

I, »=[dNAA/dx.]/ [ANPP/dx ] =~ [ANAA/dz]/ [dNPP/dzT]
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First, use 1 component fit
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1000.OOE- T

First, use 1 component fit

AR B e SR R R S
iy Niaa/Npp f"}}?ﬂfiip AAX* /dof
4-5 GeV/c 2.1 +0.7 | 0.44 £ 0.06 3.0/3
5-7 GeV/c 1.1 £0.2 | 0.58 &£ 0.06 10.1/3
7-9 GeV/e | 1.1+0.3 | 0.54 +=0.08 7.4/3
912 GeV/c | 1.0+£04 | 065 £014 | 52/3

5' Table 2: 00-20 Centrality. 1 component fits to Au-Au data (Eq. 1). Fitted parameters N1a4/Nyp .'i'fA J &
<
& T, Niaa/N,, | @82/ | AAx2/dof
4-5 GeV/c 1.2+£0.2 | 0.68%0.06 7.7/3
5-7TGeV/e | 1.0£0.1 | 0.72£0.05 11.1/3
7-9 GeV/c 1.1 4+0.1 | 0.724+0.05 5.0/3
9-12 GeV/c | 1.0+0.1 | 0.74 +0.07 3.8/3
Table 3: 20-60 Centrality. 1 component fits to Au-Au data (Eq. 1). Fitted parameters Ny44/N,, .'i'fA JERP
o-oo 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I [ 1 1 1 0-01 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0.0 0.2 04 0.6 0.8 0.0 0.2 04 0.6 0.8
central 0-20% ™ mid-central 20-60% **
| 7 Offi f dP., 1 1
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Leading Jet P, (GeVic)
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Need to correct for the large non-zero effect in p-p collisions

(Pry = Pr2) Pry=1- )Ach

)Ach =1-(pr — Pr2) /! Pry

130: pp =0.255, PbPb=0.36

X, pp=0.745, PbPb=0.64

1-%xM/xP =0.141
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<= X /xP =0.64/0.745= 0.859
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10 100
Pr/0.7 or E(Jet) (GeV/c)

Big difference between RHIC and LHC in this analysis

Offi
(DY st BROOKHIAEN PANIC11-MIT PH:“ENIX M. J. Tannenbaum 17/23/24

NATIONAL LABORATORY

U.S. DEPARTMENT OF ENERGY



— r— 24 = | I I | | | I L —

> 10"E D@ Run Il * |y|<0.4 (x32) =107 F anti-k, jets, o yi<03pioh

S 10p o 0.4<|y|<0.8 (x16) Q 02 Ef) gars S. O 03<lyl<08 x 109 ]

r 10 Q) _—f"-d‘ 37 pb”, Vs=7 TeV B 08<lyl<1.2(x10% —

2 q0° = 0.8<|y|<1.2 (x8) S 11 ] Gaga P O 12<lyl<21 (x10°)

> 10 0 1.2<|y]<1.6 (x4) 2107 e, e e GUAE

2.-10 s 1.6<|y|<2.0 (x2) > 1015 = — Y 6<lyi<dd(x10%) =

% 10° s 2.0<lyl<2.4 -D|—1 02 :_—'_—l— _O__O_—o— _._-._._—o— ;

G 102 Q - - o5 * o =

1100 B 109 :_D__D_—D— _.__._—l— O_O__O_-O- _.—.—. =

B e e ey ]

TE s =1.96 Tev = - g =, 3

10"F L = 0.70 fo" 10°F T T, e, e

102E Ry = 0.7 1 T T, e |3

, = = = e & |

10°E — NLO pQCD 108 B sysomm =¥ o =

{04 +nhon-perturbative corrections 5 il uncertainties ¥ 7 =

5L CTEQ6.5M =l = 107 £ nopaco cTeqes T o 3

1 0-6 S “’R I'I‘F pIT | , o 1 0_9 :: Non-pert. corr. | A TLAS Pre“mlnar ::
1075060 100 200 300 400 600 ; 3

p, (GeV) 10 10
p, [GeV)

To find out how jets are defined, be prepared look through many pages of text

because, IMHO, a jet is not a physical quantity but a legal contract between

experimentalists and theorists. In central AuAu collisions at RHIC (Vsy,=200 GeV)

in a cone R=0.7, the expected energy is 150 GeV, c.f. maximum jet energy 100 GeV.

After 11 years at RHIC still no refereed jet publication in A+A collisions; but:
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PHENIX Cu+Cu Event Display

v Event display of two Cu+Cu events

e Di-jet event
» Single-jet event, other outside acceptance (?)
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1) Unfold CuCu response from known background and fluctuations and
correct the measured p; in Cu+Cu to the correct p; scale (pPP)

2) Embed known p-p jets into Cu+Cu events to measure the p“t and
using this value for the py of the p-p jet to compare with Cu+Cu jet py.
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R, of fully reconstructed jets
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' interesting result
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R, of fully reconstructed jets

3 2F CHENIX Preliminary o END Centralltx-deper_lden_t

1.8 « 0-20% suppression of jet yields
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140 goes to much larger p;
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RHIC and LHC jet imbalance
(= fractional energy loss?)
Appear to be different in this analysis.

Is 1t due to a difference in the medium
or to the different p range?
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Despite more than a factor of 20 higher Vs, the

P. (GeVi/c)

R, looks nearly identical for RHIC and LHC for
5<pT< 20 GeV/c

ALICE data show significant upward trend but
PHENIX upward trend not significant.
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Despite more than a factor of 20 higher Vs, the

R, looks nearly identical for RHIC and LHC for
5<pT< 20 GeV/c

ALICE data show significant upward trend but
PHENIX upward trend not significant.
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Don't be tempted to conclude that the
fractional jet energy loss is the same
at RHIC and LHC: the inclusive
spectra are flatter at LHC n~6 cf. RHIC
n=8.1, which implies 50% more AE/E

at LHC than at RHIC
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Rutherford scattering

Phil. Mag 21(1911)669
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Hard scattering of partons
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